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(19) Japanese Patent Office (JP) 

(11) Unexamined Patent Publication No.H9-294362 
(43) Publication date: November 11, 1997 

(54) [Title of the Invention] 

Rotor and Blushless DC Motor Using Rotor 
(57) [Abstract] 
[Problems to be Solved] 

To provide a brushless DC motor capable of obtaining 
sufficient torque in a low speed rotation range, expanding a 
high speed rotation range and obtaining sufficient torque in 
the high speed rotation range. 

[Solving Means] A brushless DC motor is constituted to 
comprise a rotor 1 in which a rotor section la having a permanent 
magnet 5 embedded in a rotor core and a rotor section lb having 
a salient pole structure are coupled to each other in an axial 
direction, and an armature 2 having an armature winding 2b wound 
around an armature core 2a. By constituting the brushless DC 
motor, it is possible to obtain sufficient torque in a low speed 
rotation range, to expand a high speed rotation range and to 
obtain sufficient torque in the high speed rotation range. 
[What is claimed is] 
[Claim 1] 

A rotor constituted such that a rotor section having a 
permanent magnet embedded in a rotor core and a rotor section 
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having a salient pole structure are coupled to each other in 
an axial direction. 
[Claim 2] 

A brushless DC motor characterized by comprising a rotor 
constituted such that a rotor section having a permanent magnet 
embedded in a rotor core and a rotor section having a salient 
pole structure are coupled to each other in an axial direction; 
and an armature having an armature winding wound around an 
armature core. 
[Claim 3] 

A rotor constituted such that a rotor section formed out 
of a nonmagnetic member is inserted into a rotor constituted 
such that a rotor section having a permanent magnet embedded 
into a rotor core and a rotor section having a salient pole 
structure are coupled to each other in an axial direction. 
[Claim 4] 

A brushless DC motor characterized by comprising a rotor 
constituted such that a rotor section formed out of a nonmagnetic 
member is inserted into a rotor constituted such that a rotor 
section having a permanent magnet embedded in a rotor core and 
a rotor section having a salient pole structure are coupled to 
each other in an axial direction; and an armature having an 
armature winding wound around an armature core. 
[Detailed Description of the Invention] 
[0001] 
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[Technical Field of the Invention] 

The present invention relates to a brushless DC motor 
including a rotor (to be referred to as "compound rotor" 
hereinafter) in which a rotor section having a permanent magnet 
embedded in a rotor core and a rotor section having a salient 
pole structure are coupled to each other in an axial direction, 
and an armature having an armature winding wound around an 
armature core. 

[0002] 

[Related Art of the Invention] 

Permanent magnet motors are roughly divided into two types , 
i.e. , a motor having structure in which a permanent magnet is 
attached to the outer periphery of a rotor core (which motor 
will be referred to as "surface magnet type motor" hereinafter) 
and a motor having a structure in which a permanent magnet is 
arranged in a rotor core (which motor will be referred to as 
"embedded magnet type motor" hereinafter) . The surface magnet 
type motor has the permanent magnet simply attached to the surface 
of the motor . Due to this , if the motor is rotated at high speed, 
it is quite likely that the permanent magnet is separated from 
the motor, for which reason the surface magnet type motor is 
unsuited for a high speed rotation motor. Moreover, weak field 
control is difficult, and thus sufficient controllability cannot 
be obtained. The embedded magnet type motor has, by contrast, 
a structure in which the permanent magnet is embedded in the 
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rotor and it is possible to prevent the permanent magnet from 
being separated from the motor. Due to this, the rotor of the 
embedded magnet type motor is better adapted to high speed 
rotation than the rotor of the surface magnet type motor. In 
addition, the rotor of the embedded magnet type motor has a 
structure in which a magnetic pole having high magnetic 
permeability is provided on a pole face , so that weak field control 
is possible. A permanent magnet motor having a salient pole 
enabling weak field control is disclosed by, for example, 
Japanese Patent Unexamined Application Publication No. 

1-286758 . 

[0003] 

[Problems that the Invention is to Solve] 

With the above-stated constitution, however, it is 
difficult to expand a high speed rotation range and to obtain 
sufficient torque in the high speed rotation range . The present 
invention is intended to provide a brushless DC motor capable 
of obtaining sufficient torque in a low speed rotation range, 
expanding a high speed rotation range and obtaining sufficient 
torque in the high speed rotation range. 
[0004] 

[Means of Solving the Problems] 

To obtain the above-stated object, a brushless DC motor 
comprises a rotor constituted such that a rotor section having 
a permanent magnet embedded in a rotor core and a rotor section 
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having a salient pole structure are coupled to each other in 
an axial direction; and an armature having an armature winding 
wound around an armature core. 
[0005] 

[Modes for Carrying out the Invention] 

The present invention provides a rotor constituted such 
that a rotor section having a permanent magnet embedded in a 
rotor core and a rotor section having a salient pole structure 
are coupled to each other in an axial direction. By assembling 
the rotor into a motor and moving the relative position of the 
rotor to a stator core in the axial direction in accordance with 
rotation speed, it is possible to obtain sufficient torque in 
a low speed rotation range, to expand a high speed rotation range 
and to obtain sufficient torque in the high speed rotation range . 
[0006] 

The present invention provides a brushless DC motor 
characterized by comprising a rotor constituted such that a rotor 
section having a permanent magnet embedded in a rotor core and 
a rotor section having a salient pole structure are coupled to 
each other in an axial direction; and an armature having an 
armature winding wound around an armature core. It is possible 
to obtain sufficient torque in a low speed rotation range, to 
expand a high speed rotation range and to obtain sufficient torque 
in the high speed rotation range. 
[0007] 
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Further, the present invention provides a rotor 
constituted such that a rotor section formed out of a nonmagnetic 
member is inserted into a rotor constituted such that a rotor 
section having a permanent magnet embedded into a rotor core 
and a rotor section having a salient pole structure are coupled 
to each other in an axial direction. By assembling the rotor 
into a motor and moving the relative position of the rotor to 
a stator core in the axial direction in accordance with rotation 
speed, it is possible to obtain sufficient torque in a low speed 
rotation range, to expand a high speed rotation range and to 
obtain sufficient torque in the high speed rotation range. 
[0008] 

Furthermore, the present invention provides a brushless 
DC motor characterized by comprising a rotor constituted such 
that a rotor section formed out of a nonmagnetic member is inserted 
into a rotor constituted such that a rotor section having a 
permanent magnet embedded in a rotor core and a rotor section 
having a salient pole structure are coupled to each other in 
an axial direction; and an armature having an armature winding 
wound around an armature core. It is possible to obtain 
sufficient torque in a low speed rotation range, to expand a 
high speed rotation range and to obtain sufficient torque in 
the high speed rotation range. 
[0009] 

[Embodiment] 
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The embodiment of the present invention will be described 
hereinafter with reference to the drawings. 
[0010] 

(Embodiment 1) 

FIG. 1 shows the relatively positional relationship 
between a rotor and a stator core in a high speed rotation range . 
In FIG. 1, an embedded magnet type rotor section la, which is 
located in the rotating magnetic field of an armature , generates 
torque as a synchronous motor and a pole face thereof functions 
to increase a magnetization action or a demagnetization action 
caused by the reaction of the armature . This makes it possible 
to increase maximum field magnetic flux and to give the same 
function as weak field control. That is, the permanent magnet 
rotor section, which is located in the rotating magnetic filed 
of the armature, generates torque as a synchronous motor. At 
this moment, by controlling the phase of the rotating magnetic 
field, the magnetomotive force of the armature, i.e., the 
reaction of the armature can be applied to the predetermined 
position of the rotor and reluctance torque can be obtained using 
this reaction of the armature. 
[0011] 

FIG. 2 shows the relatively positional relationship 
between the rotor and the stator core in a high speed range. 
In FIG. 2, the embedded magnet type rotor section la, which is 
located in the rotatingmagnetic field of the armature , generates 
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torque as a synchronous motor and the pole face thereof functions 
to increase a magnetization action or a demagnetization action 
caused by the reaction of the armature. This makes it possible 
to increase maximum field magnetic flux and to give the same 
function as weak field control. Namely, the permanent magnet 
rotor section is located in the rotating magnetic field of the 
armature and generates torque as a synchronous motor. At this 
moment, by controlling the phase of the rotating magnetic field, 
the magnetomotive force of the armature, i.e. , the reaction of 
the armature can be applied to the predetermined position of 
the rotor and reluctance torque can be obtained using this 
reaction of the armature. Further, by applying the reaction 
of the armature to a salient pole type rotor section lb , reluctance 
torque is generated. Namely, by controlling the phase of the 
rotatingmagnetic field, the magnetomotive force of the armature , 
i.e., the reaction of the armature can be applied to the 
predetermined position of the rotor and reluctance torque can 
be obtained using this reaction of the armature. In addition, 
the field of the permanent magnet can be structurally decreased, 
so that high speed rotation is possible. 
[0012] 

While description has been given to the four-pole structure 
in the drawings used for the above description, poles other than 
four poles can be, of course, employed. Similarly, the shape 
of the embedded magnet type rotor section and that of the salient 
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pole type rotor section can be modified. 
[0013] 

[Advantage of the Invention] 

As described so far, according to the present invention, 
by providing the rotor section in which the permanent magnet 
is embedded in the rotor core and the rotor section having the 
salient pole structure are coupled to each other in the axial 
direction, it is possible to provide a brushless DC motor capable 
of obtaining sufficient torque in a low speed rotation range, 
expanding a high speed rotation range and obtain sufficient 
torque .in the high speed rotation range. 
[Brief Description of the Drawings] 

[FIG. 1] FIG. 1 is a cross-sectional view showing one 

embodiment of a brushless motor in a low speed rotation range 
according to the present invention. 

[FIG. 2] FIG . 2 is a cross-sectional view showing one 

embodiment of a brushless motor in a high speed rotation range 
according to the present invention. 

[FIG. 3] FIG. 3 is a perspective view showing the structure 
of a compound rotor consisting of an embedded magnet type rotor 
core and a salient pole type rotor core. 
[Description of Reference Symbols] 
1 rotor 

la embedded magnet type rotor section 
lb salient pole type rotor section 



9 



stator 
stator core 
armature winding 
shaft 

permanent magnet 



